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(54) [TITLE OF THE INVENTION] LIQUID CRYSTAL DISPLAY 
DEVICE 

(57) [ABSTRACT] 

[PROBLEMS TO BE SOLVED] To provide a liquid crystal display 
device having high contrast, high intensity, and high color purity 
by providing a thin film separator absorbing light passing through 
liquid crystal layers with high efficiency and having no distortion, 
and double -layer liquid crystal layers having a uniform cell gap. 
[SOLUTION] The liquid crystal display device comprises* a pair of 
substrates? a thin film separator sandwiched by the pair 
substrates? liquid crystal layers each sandwiched by the respective 
one of the pair substrates and the thin film separator; first spacer 
beads disposed in the liquid crystal layers to keep a gap between 
the respective one of the pair substrates and the thin film 
separator; seal parts formed at the edge portions of the opposing 
surfaces of the pair substrates, and second spacer beads formed in 
the seal parts to clamp the pair substrates. 
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[CLAIMS] 

[CLAIM ll A liquid crystal display device comprising: a pair of 
substrates; a thin film separator sandwiched by the pair 
substrates; liquid crystal layers sandwiched by each of the pair 
substrates and the thin film separator; first spacer beads disposed 
in the liquid crystal layers to keep a gap between each of the pair 
substrates and the thin film separator; seal parts formed at the 
edge portions of the opposing surfaces of the pair substrates, and 
second spacer beads formed in the seal parts to clamp the pair 
substrates, 

[CLAIM 2] A liquid crystal display device comprising: a pair of 
substrates; a thin film separator sandwiched by the pair 
substrates; liquid crystal layers sandwiched by each of the pair 
substrates and the thin film separator; first spacer beads disposed 
in the liquid crystal layers to keep a gap between each of the pair 
substrates and the thin film separator; seal parts formed at the 
edge portions of the opposing surfaces of the pair substrates, and 
second spacer beads formed in the seal parts to clamp the pair 
substrates, wherein the thin film separator is smaller in area than 
the opposing surfaces of the pair substrates, and at least some of 
the seal parts are formed outside the thin film separator. 
[CLAIM 3l The liquid crystal display device of claim 1 or claim 2, 
wherein the length of the second spacer beads in the direction of 
the normal to the pair substrates is larger than the length of the 
first spacer beads in the direction of the normal to the pair 
substrates. 

[CLAIM 4] The liquid crystal display device of claim 1 or claim 2, 
wherein an orientation treatment is so applied that the liquid 
crystal molecules in the vicinity of the thin film separator are 
oriented to be perpendicular to the thin film separator; the liquid 
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crystal molecules in the vicinities of the pair substrates are 
oriented to be nearly in parallel with the respective substrates; and 
the liquid crystal molecules on the interface between the first 
substrate and the second substrate when viewed from the direction 
of the normal to the plane surfaces of the substrates are oriented to 
be orthogonal to each other. 

[CLAIM 5] The liquid crystal display device of claim 1 or claim 2, 
wherein the liquid crystal molecules in the vicinity of the thin film 
separator are oriented to be horizontal to the thin film separator; 
and the liquid crystal orientation directions on both sides of the 
thin film separator when viewed from the direction of the normal to 
the plane surface of the first substrate are made to be orthogonal to 
each other. 

[CLAIM 6] The liquid crystal display device of claim 1 or claim 2, 
wherein the thin film separator is a vertical directivity polymeric 
film. 

[CLAIM 7l The liquid crystal display device of claim 1 or claim 2, 
wherein the thin film separator is a transparent thin film whose 
both sides are applied with a vertical orientation film. 
[CLAIM 8] The liquid crystal display device of claim 1 or claim 2, 
wherein the thin film separator is a lamination of two polymeric 
films formed by being drawn, and the two polymeric films are so 
stacked as to make the drawing directions orthogonal to each other. 
[CLAIM 9] The liquid crystal display device of claim 1 or claim 2, 
wherein the length of the second spacer beads in the direction of 
the normal to the pair substrates is at least twice as large as the 
length of the first spacer beads in the direction of the normal to the 
pair substrates- 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 
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[TECHNICAL FIELD WHERE THE INVENTION BELONGS] The 
present invention relates to a two-layer liquid crystal display 
device having two liquid crystal layers, and more specifically, to the 
optimum constitution of a guest-host type two-layer color liquid 
crystal display device containing dichroic dyes in the liquid crystal 
layers. 
[0002] 

[PRIOR ART] There have been liquid crystal display devices using 
two pairs of substrates, and these devices have the problem of 
parallax. This has been an issue particularly in the reflective type 
color liquid crystal display device, which is a combination of a two 
diagonal lamination type crystal display device and color filters. 
A parallax is the phenomenon that while the light the user observes 
goes into the liquid crystal display device, is reflected by the 
reflecting plate, and then goes out to reach the user, the light goes 
into a different pixel from the time of launching. The occurrence 
of parallax decreases contrast ratio or the saturation of display 
color. In order to eliminate the occurrence of parallax, in 
Japanese Laid-Open Patent Publication No. 7-159805 a dielectric 
material layer is provided between the liquid crystal layers to 
separate them. 
[0003] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] However, 
the liquid crystal display device of Japanese Laid-Open Patent 
Publication No. 7-159805 has the problem that when the dielectric 
material layer and the substrates are bonded to each other by seals, 
the gap between the substrates cannot be as determined, thereby 
changing light permeating properties. A liquid crystal display 
device with no thin film separator can control the gap because a 
pair of substrates sandwich a liquid crystal layer and one-layer 
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spacer beads. On the other hand, a liquid crystal display device 
with a thin film separator has two-layer spacer beads disposed via 
the separator. When pressure is applied on the substrates to bond 
the substrates with the thin film separator, since the respective 
substrates and the thin film separator are combined by means of 
the spacer beads only, in the regions where the spacer beads are not 
formed symmetric with respect to the thin film separator as shown 
in Figure 7, the thin film separator is easily distorted, thereby 
losing the uniform gap between the substrates. In addition, the 
strength of the substrates themselves is reduced because these 
substrates are combined by two-layer spacer beads, and also their 
adhesion is decreased because of the bondage between the 
substrates and the thin film separator, which is likely to cause 
exfoliation, and eventually to decrease the yield. 
[0004] The object of the present invention is to provide a two-layer 
liquid crystal display device which has constant light permeability 
and high cell strength by maintaining the cell gap, and in 
particular, a two diagonal lamination type liquid crystal display 
device. 

[0005] The device disclosed in Japanese Laid-Open Patent 
Publication No. 7-159805 has also the problem that the dielectric 
material layer (hereinafter referred to as the thin film separator) 
between the liquid crystal layers is too thin to be subjected to an 
orientation treatment due to mechanical stress such as rubbing. 
Although it is possible to use a dielectric material thick enough to 
be rubbed, this eliminates the advantage of using a dielectric 
material. Hence, the other object of the present invention is, in 
the liquid crystal display device with the thin film separator 
suffering from no distortion, to use as the thin film separator a thin 
film separator capable of orienting liquid crystal molecules in 
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different orientation directions by methods other than rubbing. 
Above all, the object of the present invention is to realize a two 
diagonal lamination type liquid crystal display device capable of 
absorbing both of two kinds of unique polarized light and realizing 
high contrast ratio, high intensity, and high color purity, 
[0006] 

[MEANS TO SOLVE THE PROBLEMS] Means to solve the 
above-described problems comprises^ a thin film separator 
sandwiched by the pair substrates; liquid crystal layers 
sandwiched by each of the pair substrates and the thin film 
separator; first spacer beads disposed in the liquid crystal layers to 
keep a gap between each of the pair substrates and the thin film 
separator; seal parts formed at the edge portions of the opposing 
surfaces of the pair substrates, and second spacer beads formed in 
the seal parts to clamp the pair substrates. 

[0007] In the above constitution, it is possible that the length of the 
second spacer beads in the direction of the normal to the pair 
substrates is larger than the length of the first spacer beads in the 
direction of the normal to the pair substrates. 

[0008] Another possible constitution of the liquid crystal display 
device providing the same effects comprises: a pair of substrates; a 
thin film separator sandwiched by the pair substrates; liquid 
crystal layers sandwiched by each of the pair substrates and the 
thin film separator; first spacer beads disposed in the liquid crystal 
layers to keep a gap between each of the pair substrates and the 
thin film separator; seal parts formed at the edge portions of the 
opposing surfaces of the pair substrates, and second spacer beads 
formed in the seal parts to clamp the pair substrates, wherein the 
thin film separator is smaller in area than the opposing surfaces of 
the pair substrates, and at least some of the seal parts are formed 
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outside the thin film separator. 

[0009] In addition, it is preferable that an orientation treatment is 
so applied that the liquid crystal molecules in the vicinity of the 
thin film separator are oriented to be perpendicular to the thin film 
separator; the liquid crystal molecules in the vicinities of the pair 
substrates are oriented to be nearly in parallel with the respective 
substrates,* and the liquid crystal molecules on the interface 
between the first substrate and the second substrate when viewed 
from the direction of the normal to the plane surfaces of the 
substrates are oriented to be orthogonal to each other. It is also 
preferable that the liquid crystal molecules in the vicinity of the 
thin film separator are oriented to be horizontal to the thin film 
separator; and the liquid crystal orientation directions on both 
;sides of the thin film separator when viewed from the direction of 
the normal to the plane surface of the first substrate are made to be 
orthogonal to each other. 

[00 10] Furthermore, the thin film separator can be a transparent 
thin film whose both sides are applied with a vertical orientation 
film. 

[00 11] In addition, the thin film separator can be a lamination of 
two polymeric films formed by being drawn, and the two polymeric 
films can be so stacked as to make the drawing directions 
orthogonal to each other. 
[0012] 

[EMBODIMENTS OF THE PRESENT INVENTION] Figure 2 (e) 
shows a cross sectional view of the liquid crystal display device of 
the present invention. A thin film separator 45 is smaller in area 
than the substrates and is disposed between seal parts 70 to cover 
the whole display area. The seal parts contain spacer beads 
having a larger diameter than the spacer beads disposed between 
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the seal parts, and the diameter is preferably almost equal to the 
sum of the thickness of the two liquid crystal layers and the 
thickness of the thin film separator. Since the two opposing 
substrates are held directly by the seal parts without a thin film 
separator therebetween, the strength of the liquid crystal cell can 
be improved to the level similar to the conventional single-layer 
liquid crystal cell, and a uniform cell gap can be obtained. 
Because the number of adhesive areas is also the same as in the 
conventional single-layer liquid crystal cell, the occurrence of the 
exfoliation is as low as in the conventional single-layer liquid 
crystal cell. 

[0013] The following is a description of the means for making the 
two liquid crystal layers separated by the thin film separator have 
orientation directions orthogonal to each other. 

[0014] Most of the polymeric films produced by drawing have the 
property of orienting the liquid crystal molecules in the vicinity of 
their both sides horizontally to the drawing direction. However, 
some polymeric films composed of an organic polymer containing a 
bulkily group such as a long-chain alkyl group in a side chain have 
vertical directivity. 

[0015] The thin film separator is made from a vertical directivity 
polymeric film. An orientation film with horizontal directivity 
having a pre-tilt angle of not larger than 45 degrees is applied on 
the sides of the two substrates that are adjacent to the liquid 
crystal layers. The orientation films on the two layers are 
subjected to an orientation treatment by rubbing, and the 
orientation treatment directions are set to be orthogonal to each 
other when viewed from the direction of the normal to the 
substrates. 

[0016] Alternatively, similar liquid crystal orientation can be 
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realized by using as the thin film separator a horizontal directivity 
polymeric film whose both sides are applied with vertical 
directivity polyimide films. 

[0017] Alternatively, as the thin film separator two-layer polymeric 
films with horizontal directivity are used, and the two polymeric 
films are so stacked as to make their drawing directions orthogonal 
to each other. The orientation films of the opposing substrates can 
be either a vertical orientation film or a horizontal orientation film. 
(00181 By the aforementioned processes, the orientation directions 
of the two liquid crystal layers separated by the thin film separator 
disposed therebetween can be orthogonal to each other. 
[0019] Specific embodiments of the present invention will be 
described as follows. 

[0020] [EMBODIMENT l] Figure 1 is a perspective view showing 
the constitution of the liquid crystal cell of the liquid crystal 
display device of the present invention. 

[0021] One of a pair of substrates (hereinafter referred to as the 
first substrate) is made from borosilicate glass and 0.7 mm thick, 
and is provided with an orientation film, a common electrode, a 
leveling layer, and color filters formed thereon in this order. The 
orientation film is a polyimide based polymer with a thickness of 
lOOOA, and is subjected to an orientation treatment by rubbing 
with a pre-tilt angle of 10<*. The common electrode is made from 
ITO, and lOOOA thick. The leveling layer is made from an epoxy 
resin and 2pm thick. The color filters are formed by dyeing, and 
the color filters R, G, and B all have a transmittance of about 50% 
at the wavelength having a minimum transmittance. 
[0022] The other one of the pair substrates (hereinafter referred to 
as the second substrate) is made from the same material and has 
the same thickness as the first substrate, and is provided with an 
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orientation film, a reflecting electrode, an insulating layer, and an 
active element stacked thereon in this order. The orientation film 
is the same as the one on the first substrate. The reflecting 
electrode is made from Al and 2000 A thick. The insulating layer 
is made from SINx and 1pm thick. The active element is a reverse 
stagger type thin film transistor. The reflecting electrode forms 
one pixel and is shaped like a rectangle of about 100 pm x 900 pm. 
The reflecting electrode and the active element are connected by a 
through hole. 

[0023] The thin film separator is a polyimide-based polymer thin 
film of 2 pm thick. The polyimide-based polymer of the thin film 
separator contains a long-chain alkyl group in a side chain. It is 
considered that the surface of the thin film separator is coated with 
the long-chain alkyl group of the side chain, and the long-chain 
alkyl group extends towards the direction of the normal to the 
plane surface of the orientation film. The liquid crystal molecules 
are considered to be oriented along the long-chain alkyl group and 
eventually have vertical directivity. 

[0024] The subsequent treatments and assembly of the first and 
second substrates are shown in Figure 2. Fastened type beads 
having a diameter of 5 pm were dispersed at a density of 200 pieces 
per 1 cm2 on the sides of the first and second substrates that have 
the laminations (Figure 2 (a)). After this, the substrates were 
heated to fix the fastened type beads on the substrates (Figure 2 
(b)). Then, a sealant is printed on the first substrate for use as a 
seal part (Figure 2 (c)). The sealant was mixed with beads of 13 
pm in diameter. The diameter of each bead in the sealant was 
taken as a total of the thickness of the first and second liquid 
crystal layers (5 pm each and the fastened type beads are equal to 
the direction of the normal to the substrates), the thickness of the 
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thin film separator (2 iim), and the thickness of a color filter (l iim). 
The thin film separator was stacked on the fastened type beads on 
the second substrate (Figure 2 (d)), and the first and second 
substrates were assembled to complete the liquid crystal display 
element (Figure 2 (e)). 

[0025] The distribution of the seal parts, thin film separator, and 
display area on the liquid crystal display element of the present 
invention when viewed from the direction of the normal to the 
plane surfaces of the substrates is shown in Figure 3. The thin 
film separator covers the whole display area, and is also extended 
between the seal parts. The orientation treatment directions of 
the first and second substrates are also indicated in Figure 3. The 
orientation treatment directions of the first and second substrates 
both form an angle of 45° with four sides of the substrates. The 
orientation treatment directions of the first and second substrates 
are orthogonal to each other when viewed from the direction of the 
normal to the plane surfaces of the substrates. 

[0026] The liquid crystal layers were formed by sealing a liquid 
crystal having positive dielectric anisotropy containing a 3 wt% 
dichroic dye by vacuum sealing. The time required for the sealing 
is influenced by the angle formed by the transfer direction of the 
liquid crystal and the orientation treatment direction. The 
smaller the degree of this angle, the shorter the time becomes. 
Since the angles formed by the orientation treatment directions 
and the four sides of the substrates are set at 45«, the angle formed 
by the main transfer direction of the liquid crystal and the 
orientation treatment directions at the time of sealing the liquid 
crystal becomes nearly 45° both on the first substrate side and on 
the second substrate side. Consequently, the liquid crystal was 
injected nearly at the same rate both on the first substrate side and 
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on the second substrate side. 

[0027] Since there is a gap between the thin film separator and the 
seal parts, the liquid crystal goes between the first liquid crystal 
layer and the second liquid crystal layer. However, the thickness 
and orientation conditions of the first and second liquid crystal 
layers are maintained without affecting display. 
[0028] Finally, a driving device was connected to complete the two 
diagonal lamination type liquid crystal display device constituted 
as shown in Figure 1. The liquid crystal layers have hybrid 
directivity of vertical directivity in the vicinity of the thin film 
separator and horizontal directivity in the vicinity of the 
substrates. In the fabrication process of this liquid crystal display 
device, there was not such a decrease in cell gap or an exfoliation of 
the substrates as exceeding the predetermined level. 
[0029] Figure 5 shows the dependency of reflectivity on the applied 
voltage. This is a normally closed type applied voltage dependency, 
and the reflectivity of the white display at a driving voltage of 7 V 
was 18.8%, the reflectivity of the black display was 2.8%, and the 
contrast ratio was 7.8-1. The results of measured color degrees of 
red, blue, green, yellow, cyan, and magenta are shown in Figure 4. 
The obtained color display was bright enough to be put to practical 
use. 

[0030] As described hereinbefore, a two-layer liquid crystal display 
device having high contrast ratio and excellent optical properties 
has been obtained by separating two liquid crystal layers by using a 
thin film separator made from a vertical directivity polymeric film, 
and by holding them by the first substrate having color the filters 
and one-layer spacer beads contained in the seal parts of the second 
substrate having the reflecting electrode. 

[0031] [EMBODIMENT 2] In the liquid crystal display device of 
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Embodiment 1, the thin film separator has been replaced by the one 
produced as follows. 

[0032] A 2nm-thick polymeric film made of polyethylene 
terephthalate was fixed on a glass plate with a tape, and an 
orientation film with vertical directivity was applied by spin 
coating. After applying a heat treatment, the organic polymeric 
film was turned over and again fixed on the glass plate with a tape, 
and an orientation film with vertical directivity was applied by spin 
coating and subjected to a heat treatment. As the orientation film, 
polyimide-based polymer having a long-chain alkyl group in the 
side chain was used. 

[0033] In this case, too, a two diagonal lamination type liquid 
crystal display device with no parallax and with a low molecular 
liquid crystal composite was completed, thereby realizing a 
reflective type color liquid crystal display device having high 
reflectivity, high contrast ratio, and high color purity. 
[0034] [EMBODIMENT 3] In the liquid crystal display device of 
Embodiment 1, the thin film separator has been replaced by the one 
produced as follows. 

[0035] Polymeric films made of polyethylene terephthalate and 2 
pm thick each were so stacked as to make the drawing directions 
orthogonal to each other, and this lamination was so disposed that 
the drawing directions are orthogonal to the orientation treatment 
directions of the adjacent substrates. Since the thin film 
separator became 4 jim thick, the diameter of the beads in the 
sealant was changed to 15 jim. Because the liquid crystal is 
oriented horizontally in the vicinity of the thin film separator, the 
first and second liquid crystal layers had homogeneous orientation, 
and their orientation directions became orthogonal over and under 
the thin film separator. 
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[0036] In this case, too, a two diagonal lamination type liquid 
crystal display device with no parallax and with a low molecular 
liquid crystal composite was completed, thereby realizing a 
reflective type color liquid crystal display device having high 
reflectivity, high contrast ratio, and high color purity. 
[0037] [EMBODIMENT 4] In the liquid crystal display device of 
Embodiment 3, the thin film separator was so disposed that the 
drawing directions are orthogonal to the orientation treatment 
directions of the adjacent substrates. According to this, the liquid 
crystal layers were replaced by those containing 0.2 wt% of chiral 
agent S811 manufactured by Merck & Co., Inc. in addition to a 3 
wt% dichroic dye. The first liquid crystal layer and the second 
liquid crystal layer had twist orientation, and the orientation 
directions became orthogonal to each other over and under the thin 
film separator. 

[0038] In this case, too, a two diagonal lamination type liquid 
crystal display device with a low molecular liquid crystal composite 
was completed, thereby realizing a reflective type color liquid 
crystal display device having high reflectivity, high contrast ratio, 
and high color purity. 

[0039] [EMBODIMENT 5] In the liquid crystal display device of 
Embodiment 3, the thin film separator was so disposed that the 
angles which the drawing directions form with the orientation 
treatment directions of the adjacent substrates were 250 degrees. 
According to this, the liquid crystal layers were replaced by those 
containing 1.0 wt% of chiral agent S811 manufactured by Merck & 
Co., Inc. in addition to the 3 wt% dichroic dye. Furthermore, the 
electrodes on the first and second substrates were made matrix 
electrodes. The first and the second liquid crystal layers had twist 
orientation, and the orientation directions became orthogonal to 
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each other over and under the thin film separator. 
[0040] In this case, too, a two diagonal lamination type liquid 
crystal display device with no parallax and with a low molecular 
liquid crystal composite was completed, thereby realizing a 
reflective type color liquid crystal display device having high 
reflectivity, high contrast ratio, and high color purity. 
[0041] The thin film separator was so disposed that the angles 
which the drawing directions form with the orientation treatment 
directions of the adjacent substrates were 250 degrees; however, 
the same two diagonal lamination type liquid crystal display device 
can be realized if the angles are between 180 to 270 degrees. 
[0042] [EMBODIMENT 6] As shown in Figure 8, in the two diagonal 
lamination type liquid crystal display device of Embodiment 1, the 
thin film separator was clamped by the seal parts. 
[0043] Thus forming the thin film separator to be clamped in the 
sealant can further prevent the sealant from having distortion 
because the end portions of the substrates are not held by two 
spacer beads via the thin film separator. In addition, the thin film 
separator, which is stretched by the seal parts, can have a further 
smoothed surface. 

[COMPARATIVE EXAMPLE l] Figure 7 shows a two-layer liquid 
crystal display device having two-layer spacer beads stacked via a 
thin film separator therebetween like the prior art two-layer liquid 
crystal display device, in the liquid crystal display device of 
Embodiment 1. However, the thin film separator was distorted by 
the spacer beads in the seal parts, and the cell gap became 
non-uniform, thereby deteriorating display properties. 
[0044] In addition, their cell gaps could not be made uniform 
depending on the degree of dispersing the spacer beads at the end 
portions. 



15 



[0045] [COMPARATIVE EXAMPLE 2] In the liquid crystal display 
device of Embodiment 1, the thin film separator was replaced by 
the one made from drawn polyethylene terephthalate. The first 
and second liquid crystal layers were oriented in the drawing 
direction of the separator in the interface with the separator. As a 
result, the orientation directions of the two liquid crystal layers did 
not become orthogonal to each other. 

[0046] [COMPARATIVE EXAMPLE 3] In the liquid crystal display 
device of Embodiment 1, the thin film separator was replaced by 
the one made from drawn polyethylene terephthalate. The first 
liquid crystal layer and the second liquid crystal layer were 
oriented in the drawing direction of the thin film separator in the 
interface with the thin film separator. As a result, the orientation 
directions of the two liquid crystal layers did not become 
orthogonal to each other. 

[0047] A driving device was connected to measure display 
properties. As a result, the reflectivity of the white display was 
25.5%, which was a slightly high level; however, the reflectivity of 
the black display was 9.4% and the contrast ratio remarkably 
decreased to 2.7-1. Consequently, the color purity in color display 
also decreased greatly. 

[0048] Since the thin film separator cannot be subjected to an 
orientation treatment by rubbing or other similar methods, the 
orientation directions of two-layer liquid crystal layers could not be 
made orthogonal to each other unless a single-layer polymeric film 
with horizontal directivity was used and subjected to an orientation 
treatment. 

[0049] [COMPARATIVE EXAMPLE 4] In the liquid crystal display 
device of Embodiment 1, the distribution of the thin film separator 
was expanded up to the spacer beads region of the seal parts formed 
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at the end portions. A cross sectional view of this liquid crystal 
display device is shown in Figure 6. In accordance with the 
expansion of the distribution of the thin film separator, the method 
of manufacturing the liquid crystal display element was modified 
as follows. Seal parts were formed both on the first substrate and 
the second substrate. The diameter of the spacer beads to be 
mixed with the sealant of the first substrate having the color filters 
was set at 6 which was equal to the sum of the thickness of the 
first liquid crystal layer (5 pm, equal to the diameter of the 
fastened type beads and the thickness of a color filter (l pm). The 
length of the spacer beads to be mixed with the sealant on the 
second substrate in the direction vertical to the substrate was made 
equal to the thickness of the second liquid crystal layer (5 pm, 
equal to the diameter of the fastened type beads). After the thin 
film separator was stacked on the second substrate, the first 
substrate was stacked thereon. 

[0050] A cross sectional view of the liquid crystal display element 
thus manufactured is shown in Figure 7. Since the two substrates 
are held together by means of the two seal parts and the thin film 
separator, the thin film, which is separator sandwiched by the two 
seal parts, is subjected to a stress, making it impossible to realize a 
defined cell gap. In addition, increased adhesive areas facilitate 
the occurrence of exfoliation. 

[00511 In the manufacturing process, cracks occurred in the regions 
of the thin film separator that were adjacent to the seal parts. In 
addition, the adhesive areas caused exfoliations. 
[0052] 

[EFECTS OF THE INVENTION] Thus, a reflective type color liquid 
crystal display device having a uniform cell gap, high contrast ratio, 
and high color purity can be obtained. 
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[DESCRIPTION OF BRIEF DRAWINGS] 

[FIGURE l] A perspective view showing the constitution of the 
liquid crystal cell of the liquid crystal display device of the present 
invention. 

[FIGURE 2] Views showing the method of assembling the liquid 
crystal display device of the present invention. 

[FIGURE 3] An illustration showing the distribution of the display 
area, the thin film separator, and the seal parts of the liquid crystal 
display device of the present invention, and the relation between 
the orientation treatment directions. 

[FIGURE 4] A diagram showing the color degrees in the color 
display of the reflectivity of the liquid crystal display device of the 
present invention. 

[FIGURE 5] A diagram showing the dependence of the reflectivity 
on the applied voltage of the liquid crystal display device of the 
present invention. 

[FIGURE 6] A cross sectional view showing the constitution of the 
liquid crystal cell of the liquid crystal display device of 
Comparative Example 4. 

[FIGURE 7] A cross sectional view at an end portion of the liquid 
crystal cell of the liquid crystal display device of Comparative 
Example 4. 

[FIGURE 8] A cross sectional view showing the constitution of the 
liquid crystal cell of the liquid crystal display device of the present 
invention. 

[EXPLANATION OF REFERENCE NUMBERS! 

10 --- substrate 

11 --- first substrate 

12 second substrate 
15 color filter 
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16 leveling layer 

21 --- first liquid crystal layer 

22 second liquid crystal layer 
31, 32 --- orientation films 

35 ■-- common electrode 

40 reflecting electrode 

45 "- thin film separator 

50 TFT 

60 spacer beads 

70 seal part 

75 sealing port 

80 display area 

91 orientation direction of the first liquid crystal layer in the 
vicinity of the first substrate 

92 orientation direction of the second liquid crystal layer in the 
vicinity of the second substrate 

93 injection direction of the liquid crystal 



FIGURE 1 


11 


--- substrate 1 


12 


■-- substrate 2 


15 


■-- color filter 


16 


■-- leveling layer 


21 


--- liquid crystal layer 1 


22 


--- liquid crystal layer 2 


31 


--- orientation film 1 


32 


--- orientation film 2 


40 


--- reflecting electrode 


45 


-•• thin film separator 


50 


... 



19 



FIGURE 2 
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stacked, and then heated, thereby being fastened to the 
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the second substrates 11 and 12 with each other. In 
order words, the thin film separator 45 made of a 
vertical directivity polymeric film is used for 
separating the two liquid crystal layers 21 and 22, and 
held with one layer of the spacer beads of the seal part 
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